In this study, 33 patients were randomly assigned to receive desflurane (D) or isoflurane (I) for acoustic neuroma surgery. The time from end of the procedure to spontaneous breathing, extubation, eye-opening, hand-squeezing to command, and ability to state name, birthdate and phone number were recorded. The Steward recovery score was also recorded every five minutes during the first 20 minutes postoperatively and then every 10 to 15 minutes.
Acoustic neuroma surgery is a lengthy microsurgical procedure that requires an anaesthesic technique adapted to provide haemodynamic stability and rapid recovery. Control of haemodynamic parameters optimizes surgical conditions and minimizes bleeding. Rapid recovery allows early diagnosis of potential brainstem or cerebellar haematoma. Furthermore, the patient should recover smoothly with no nausea, vomiting, coughing or other conditions that could lead to intracranial hypertension increasing the risk of postoperative haematoma.
the aim of the current study was to compare operative conditions and recovery characteristics in patients anaesthetized for acoustic neuroma surgery with either desflurane (D) or isoflurane (I).
MetHoDS
With institutional approval and informed consent, 33 patients were randomly assigned to one of the volatile agents, according to a computer-generated random numbers table. All ASA physical status I-II patients undergoing acoustic neuroma surgery anticipated to last between five and eight hours were included. the following patients were excluded: -pregnant, breast-feeding -history of malignant hyperthermia -previous anaesthesia incidents or recorded late recovery -patients submitted to anaesthesia lasting more than one hour less than a week before this study -alcoholic or drug addicted patients -patients showing any sign of intracranial hypertension.
Anaesthesia Technique
Patients were premedicated with hydroxyzine 100 mg po 90 minutes preoperatively. After commencing an infusion of normal saline, anaesthesia was induced with midazolam 0.1 mg.kg -1 followed five minutes later with propofol 2.5 mg.kg -1 .
All patients were intubated with a low-pressure cuffed endotracheal tube and ventilated using low fresh gas flows low-flow (500 ml/min nitrous oxide and 500 ml/min oxygen). Desflurane or isoflurane were added, depending on randomization at 1-1.5 MAC. Sufentanil 0.15 µg.kg -1 .h was commenced at the same time as the inhaled agent until skin incision, and then increased up to 0.30 µg.kg -1 .h until the abdominal fat graft was completed. Patient temperature was maintained during the procedure by using a warm air blanket system. Patients were positioned 20° head-up and ventilation was controlled with a frequency of 12 cycles/minutes in order to maintain an end-tidal carbon dioxide between 3.5 and 4%. Heart rate and blood pressure (max/min and mean values) were recorded every 10 minutes. Respiratory rate, end-tidal carbon dioxide and pulse oximetry were continuously recorded.
Inspired and end-tidal concentrations of volatile agents were recorded and registered as multiple of MAC of desflurane and isoflurane.
Rectal temperature and urine output were also monitored.
Bleeding was assessed by surgeons who were blinded to the volatile agent, using a four-point descriptive scale: 0 , no bleeding; 1, presence of blood not affecting surgical conditions; 2, presence of blood affecting surgical conditions; 3, important bleeding.
Recovery Assessment
the volatile agent was turned off (t0) after closing the skin and dressing the wound. time elapsed from t0 to resuming spontaneous ventilation, to extubation, eye-opening and handsqueezing was recorded. the Steward recovery score was recorded every five minutes during the first 20 minutes postoperatively and then every 10 to 15 minutes. the time elapsed from t0 to time to stating the patient�s name, date of birth and phone number was also noted. Shivering was assessed by an investigator blinded to the type of anaesthesia according to a five-point descriptive scale: 0, no shivering; 1, slight shivering (masseter tremour); 2, moderate shivering of the upper part of the body (thorax and head); 3, generalized but moderate shivering; 4, important and generalized shivering.
Nausea and vomiting were assessed by the number of episodes, total duration and maximum intensity with a score of 0-3: 0, no nausea or vomiting; 1, mild 0, no nausea or vomiting; 1, mild nausea or vomiting; 2, moderate nausea or vomiting; 3, severe nausea or vomiting.
Statistical Analysis
Before initiating the study, a power analysis based on a pilot study suggested that a sample size of 15 patients for each group should be adequate to detect a 30% reduction in the time to awakening with a power of 0.8 (a=0.05). All values are expressed as mean±(SeM). Anaesthesia recovery times were analysed using the Student�s t test. A P value less than 0.05 was considered significant. All other data are presented in a descriptive manner only.
ReSULtS
Demographic data, duration of anaesthesia, and amount of drugs used were similar in both groups (table 1, Figure 1 ). Peri-operative parameters (tables 2 a-b) and peri-operative bleeding score (D: 1±0.12 vs I: 11±0.17) were also similar in both groups. Recovery was faster in the D group ( Figure 2) and time to answer questions was reduced by a factor of two on average (table 3) . the incidence of shivering was similar in both groups (D 1±0.4, I 1.1±0.4). this was also the case for nausea and vomiting (D 1. 
DISCUSSIoN
Acoustic neuroma surgery is a lengthy procedure but requires rapid emergence from anaesthesia to allow detection of cerebellopontine angle haematoma, which is one of the early complications of this type of surgery. the anaesthetic technique should also provide a bloodless surgical field and minimize events that potentially increase intracranial pressure, in order to decrease complications.
Desflurane was compared to isoflurane because of its similar cardiovascular profile but better recovery profile. Desflurane has been found to decrease arterial pressure in a dose-related manner by decreasing peripheral resistance and reducing after-load 1 . Its activity on myocardial contractility is similar or even less marked than isoflurane 2 . Diastolic function is preserved and cardiac output is stable, which is of importance for patients undergoing long duration surgery like acoustic neuroma surgery. Furthermore, there has been no evidence of coronary steal and or arrhythmogenic effect with desflurane in clinical studies 3 . Like isoflurane, desflurane has been shown to increase heart rate 20% in response to a decrease in peripheral resistance, but this effect is blunted by anaesthetic drugs and fluid loading 4 . In our study, desflurane provided stable haemodynamic conditions consistent with these findings.
Desflurane has been shown to produce similar effects on cerebral blood flow response to carbon dioxide as compared to isoflurane at a MAC of 1-1.5 5 . Cerebral blood flow does not decrease during long-lasting procedures. An increase in cerebrospinal fluid pressure has been reported in patients undergoing surgery for supratentorial tumour resection, with an increase in the secretion of cerebrospinal fluid or a decrease in resorption 6 . No seizure-like activity has been reported in normocapnic or hypocapnic patients. A burst suppression activity has been found for concentrations beyond a MAC of 1.25 7 . Acoustic neuroma, because of its particular subtentorial loca-tion, is not associated with a high risk of increased intracranial pressure. therefore, desflurane can be used safely in this kind of neurosurgery.
Desflurane has been shown to provide rapid recovery in several previous studies compared with isoflurane. the substitution of chloride by a fluoride leads to a less lipophilic compound that minimally accumulates in tissues. Unlike isoflurane, 80% and 90% decrement times are not affected by the duration of anaesthesia for desflurane 8 . this lower solubility is of particular importance in longer case studies, where eye-opening and extubation were twice as fast compared with isoflurane 9,10 , and for more obese patients with larger fat tissue volume 11 . our results are in accordance with these findings.
In our study, this fast recovery profile was beneficial because deep anaesthesia could be maintained until the end of surgery without fear of any delay in recovery. For example, head movement toward the end of the procedure can lead to the patient coughing if anaesthesia is lightened too early.
It has been demonstrated that turning off the isoflurane vaporizer before the end of surgery to anticipate the slow elimination of this compound does not provide faster recovery 12 . Furthermore, our experience shows that this practice leads to a more variable depth of anaesthesia among patients, with undesirable effects such as coughing and movement. other investigators have shown that switching from isoflurane to desflurane before the end of surgery does not lead to better recovery than isoflurane alone 13 .
We found no difference in shivering between isoflurane and desflurane. this is consistent with the study by Horn et al, which showed a difference between hypothermic and normothermic patients, but no influence of the volatile agent used 14 . However, our study did not have adequate power to assess differences in shivering.
Anti-emetic agents were not given pre-emptively in order to assess any major difference between the volatile agents but given in recovery room if necessary. However, the study did not have adequate power to compare this or other adverse events. Nevertheless, other investigators have reported a similar incidence of nausea and vomiting using both agents after breast surgery 15 .
Cost containment in anaesthesia is now regarded as mandatory, but cost-analysis studies with varying anaesthesia techniques remain difficult to perform and results are frequently inconclusive. Desfluranebased anaesthesia has been initially reported to be 23% more expensive than isoflurane-based anaes- anaesThesia for acousTic neuroma surgery thesia 16 , but more recently, both techniques were shown to incur similar costs 17 . these differences may result from variations in the use of additional anaesthetic drugs, as well as from regional and temporal variations in the acquisition costs of anaesthetic drugs. In addition, staff costs, which are the largest part of any anaesthetic regimen 18 should also be taken into account. In this regard, the use of desflurane rather than isoflurane has been shown to decrease post anaesthesia care unit costs by 14% 19 . therefore, faster recovery of cognitive and psychomotor abilities, as observed in our study, may also lead to an earlier release from the post anaesthesia care unit, and to reduced staff costs, which could compensate for higher acquisition costs.
In summary, we found that anaesthesia maintenance with desflurane appeared to provide similar perioperative conditions as isoflurane when used in ASA I-II patients having acoustic neuroma resection, but was associated with a more rapid recovery in comparison with isoflurane. this faster recovery may be beneficial after long neurosurgical procedures, facilitating the patient�s full cooperation and allowing early diagnosis of any neurological deficit.
